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An experimental investigation of the effects of
Varying Working Conditions on the Characteristics of
Explosive Combustion in a Gas Engine.
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Introduction.

In most thermodynamic analyses of the gas engine
working cycle, it 1s found that the period of combustion
1s left out of account, and in the infrequent cases in
which it is dealt with such results as may be obtained
from it are regarded as unreliable because of the very
great uncertainty which exists about the condition of the
gaseous charge during the burning period. This is due
to the very special difficulties which are to be overcome
in any attempt to find out what 1s happening in the
e¢ylinder of the engine during the explosive stage.

A related problem is that of knowing within what
limits‘in the cycle that state of thermal instabllity
which follows ignition may be assumed to exlst,

No examination of the process of combustion in gas
engines is likely at the present stage to lead to a
mastery of its characteristics, for at the instant of
combustion the burning mass is equally outside the
experience of the chemist, the physicist and the engineer.
Tt is composed of a number of chemical "complexes"— that
is to say, gaseous matter of no recognised chemical form—
the structural system of which is in a state of intense
vibration giving rise to radiation of long or of short
wave lengths, or of both. Its thermodynamic condition
18 not satisfactorily expressible since the number of 5
molecules of the gas j=ikdmddy, and the quantity and the
quality of the energy radiated during the combustion

period/



period are variable with respect to time and with
respect to the composition of the initial charge.

The investigator therefore can do little more than
record his obssrvations of the effects of varying factors
and thus contribute to the framework of facts upon which
a comprehensive theory may ultimately be built.

Investigations of the explosive combustion of gases
have fallen roughly into three categories. The first is
the observation of the effects of varying combustion
conditions upon engine performance, embracing a study of
turbulence and speed of combustion; the second contains
experiments on the heat losses and the changes in
temperature, Hae pressure and te specific heat of gases
exploded in a stationary closed vessel. The third
comprises all the visual observations upon flame —‘speed
and luminosity of combustion 1in glass vessels.

These categorles are represented respectively by
Clerk's Experiments on the speed of inflammation with

(1) (2) , (3)
and without turbulence; by Hopkinson's and David's
experiments on explosion temperatures and heat losses
by conductio?4§nd radiation; and(gy the photographic

work of Dixon, Ellis and Wheeler, and Bone and his

(6)

associates.

From the englneer'!s point of view the disadvantage
of work such as Hopkinson's and David's is that it was
carried out at comparatively low pressures in a station-
ary vessel under non-turbulent conditions and with the
cylinder walls at the atmospheric temperature.

The/

B.A.Gaseous Explosions Committee. Fifth Report.
PI'OCOROYOSOC- A77. 1906 p05870
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~ The speed of propagation of the flame was low and
the rates of cooling could not be considered as closely
comparable with those in a gas engilne.

The photographic experiments - perhaps the most
remarkable examples of which are those recently reported
by Bone and Frase'.r('l) - suffer from the disadvantage that
they are neceasarily carried out at low pressure and aleo

that there are no simultaneous records of pressure or
temperature changes. |

There is, however, considerable value in photographic
records as an Indicatlon of the mode of propagation of
combustion in an exploded mass of gas. It would be much
better,‘thereforeg if simultaneous pressure and tempera-
ture records were available to enable the observer to
co-felate the visual phenomena with the thermal and
physlcal changes which accompany them.

In some of the work herein described the attempt
has been made to do this for the combustion of the gaseous
charge in the gas engine.

Among the points about which there has been some
discussion and divergence of view is whether the instant

at which maximum pressure is reached corresponds (assuming

_ . 2)
to the instant at which the flame front reaches the walls.

a spherical vessel with the igniting spark at the centre%
And another pbint at issue is whether chemical stability
is complete by thé:time the flame reaches the walls of
the vessel. The record of the luminous part of the

combustion in conjunction with that of pressure changes,
has a bearing on these matters.

The/
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The duration of the luminous condition has been
found in the present tests to vary with certain working
conditions other than the air/gas ratio. The manner
of‘this variation 1is of considerable interest from the
point of view of heat lost by radiation from the
burning charge. It will be seen that visual examination
of the explosion, similtaneously with the taking.of
pressure and other records, has an important bearing
on the subject of "after-burning" - a conception bfAthe
combustlon process which gave rise to much divergence of
view when put forward by Clerk many years ago and is
still a subject of serious discussion among chemists and
engineersfl) The bearing of these tests upon this subject
led to inclusion in this'experimental work of an
application of Clerk's "zig-zag Diagram" methoéz) to the
determination of heat losses in an engine cylinder in order
to test his deductions. This is the first attempt as far
as the writer knows to repeat Clerk's experiment in its
entirety. '

Perhaps the most fruitful part of the work herein
descrived is that in which careful observations of the
radiations in the red band of the spectrum were made by
means of[bolarising pyrometer during the combustlon stage
under different conditions of spark-asngle and of ainjgas
ratio. These provide ground for speculation on the
distribution of temperature throughout the gaseous mass

and on the factors controlling the general radiation

‘during.combustion.

Arrangement/

(1) vide "Heat Loss in Gas Engines" by W.T.David. Proc.
- Inst.of Mech.Eng. 1924 Vol.II.

(2) Proc.Roy.Socy. Vol.77A 1906.



Arrangement of the Report.

If~the tests were described strictly in the
dhrondlogical order in which they were performed there
would be an apparent lack of cohesion,;. On the other
hand 1t is highly desirable that the work in general
should be deseribed in the order in which it dewveloped
so that modifications made to the apparatus may be
more readlly understood. A compromise seems to be
called for and the arrangement of the report adopted
is as’follows:

I. A discussion of the displaced or out-of-phase
indicator diagram, its geometry and transformation (this
was used in all the tests).

II. A description of the apparatus devised by the writer
for all the tests in general and of the apparatus designed
for the photographic records in particular,

III. An examination of photographic records of combustion
obtained under noted conditlons, and some auxlilisry

tests of collateral effects on exhaust temperature, etc.
IV. A descrlption of tests made to examline the effects

of working conditions on the indicator diagram, and a
suggested method of obtaining an approximate figure for
the rate of loss of heat from the working substance
during the combustion.

V. A review of Clerk's "“zig-zag dlagram" method for
obtaining rates of heat loss and specific heats, and a
commentaery on his results.

VI. A description of the apperatus used and the tests
made in examiﬁing the characteristic changes in the
radiation of the red band of the spectrum during the

combustion in the engine under different working

conditions.



SECTION I

THE "OUT-0F-PHASE" INDICATOR DIAGRAM.

The ordinary indicator diagram teken from an
internal combustion engine has the disadvantage that
the ignitlon and combustion processes take place ﬁear
the end of the stroke where the piston speed is nearly
zero. The result'is a crowding together of important
rressure-volume changes in such a way as to render
them obscure. It has become a common practice, for
certain purrposes, to put the indicator drive out of
phase with the crank so that the piston displacement
scale 1s opened up and the changes near the crank
dead-centre sre more easlly traced by the observer.

For accurate quantitative and analytical work, however,
this type of dlagram has not, as far as the writer knows,
been seriously used. For the investigations later
described, an out-cf-phase indicator drive was necessary
since it was the aim to measure time and crank angles
during the explosion perlod. But the diégram has
advanfages apart from its property of magnifying the
volume changes at the dead centre. The errors due to

the drum friction and to drum inertia are most pronounced
in theilr effects on the length of the drum cord at the
ends of the diagram. By the displacement of the

diagram, these effects are removed from the record of

the combustion processe.

Geometry of the Diagram. If the ratio of‘thenlength (1)

of the commecting rod to the length (r) of the crank is
denoted by n 1t may be shown that for sny position of '
the crank at an angle to the inner dead centre

(see Fig.l ) the piston displacement (s) from the
beginning of its stroke is given by

s=v0—mﬁ)+10-%&zz;%)__~_-____-(1)

Now/
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Now if the connecting rod and crank in question sre
those of the auxlliary gear driving the indicator, and
if this auxiliary crank 1is set at an angle 0L in
advence of that of the engine we can éxpress the
displacement of one in terms of the displacement of
the other. This is what is required in transforming
the displaced diagram lnto the ordinary diagfam. The
stroke 1s 2r and therefore the fractional displacement
<%rom equation (1)) is

foept-2p et -Ltlmsios _______(2)

Solving for [ we have,
n*-sin%s = | —cosp +n - 2§

n -sin*3 = | +cos’Brat+af 2-2 cos 3+ 2n ~4{-2neos+4f casp -4fn
=_(n+t—-?.f)z—2w$(3(4+h-?-f)
= n+l—2£)z—(hz'—-t) = 1-—2{’ -t —_— -
cos b (a(a+|~zf) = e CTCTTREY) R (3)

As a check on this result we note that cos p = 1 when

f =0 and cos 5 = -1 when £ = 1.

The symbol f denotes the fractional displacement of

some point on the out-of-phase diagram. Solve for F .
Substituting (p-4) for P in the above expression

we get two values for f which are values of the

corresponding alternative displacements on the true

diagram. One of the two roots applies to the forward

stroke and the other to the return stroke of the pilston.
Writing § for (B-d) and £' for the true fractional

displacement of the plston we have from (2).
f‘ = 3 ik—u»6+n- nz—an‘6§

= B (esf+ 0] (4)

Choice of phase angle. The common practice is to make

A =90°., This hes the great adventage of simplifying

the relationship so that the two roots of (2) are

equa%/



vequal. But 1t will be seen that whén the crank
of the engine is on its inner dead centre the corres-
ponding displécement on the displaced diagram 1is
greater than half the stroke. That 1s to say,the
motion of the engine piston through more than half
of 1its stroke from the inner dead centre is recorded
on the displaced diagram by considerably less than
half the length of the diagram. For the particular
purpose to which the displacéd diagram was applied
in the investigations reported later, this was a definite
difficulty. A value of A less than 90° hed to be
chosen. What was considered the next best cholce was
that angle Which made the mid-point of the displaced
dlagram coincide with the inner dead centre. To find
this angle,d, put » for s in equation (1).

T = r(1-cost) + (1 + 4 h—sin®d)

sk = h (""t!/T m)

or N—cash = JHZ— s &,
SqQuaAring  cos?d - 2m cosek +n* = nF-sind

1
S Zneosd =) or s =3p

- In the engine under review 1 = 41.35 ins and
r = 7.5 ins so that n =%—:—2—-5- = 5.5133.
Substituting this in (4) we get Ol = 84%87.
The crank angle corresponding to maximum plston

speed 1s very nearly 80°. Indicator drum cord effects

are therefore at a minimum near the mid-point of the
displaced diagrams.

When the more troublesome calculations involved
in using an odd phase angle are once madék and tabulated
it has the very definite advantage that a simple
bisection of the displaced diagram provides us at once

with the.conditions at the inner dead centre of the piston.

Calculated/




0

Calculated transforming values.

When the phase angle was fixed, the fractional
displacements on the true diagram corresponding to
fortieths and fiftieths of the stroke on the displacéd
disgrams were calculated. These sre collected in
Table 1 . The values are given to more than the
rractical degree of accuracy; but the table,,the ‘
figures on which were run out on a calculating machine,
i1s now standard for the engine. A perusal of the
values gives a very clear idea of the manner in which
they vary.

Geometrical construction for transforming dilsgram.

Referring to Fig.2 Pfl let OD represent the
displaced crank driving the indicator while OE, at an

o
angle;behind it, represents the crank of the engine.
The horizontal dlsmeter AB represents the stroke. With

a radius equal to n times OD or OE and with centres on

Now the fraetional

’ A
displacement on the displaced diagram is z%,corres-

BA produced, draw arcs DC and EF.

ponding to the true fractlonal displacement of the

piston AR, It is clear how a displacement AC on the
AB

displaced diagram may bé transformed to the displacement
AF on the true diagram. A

A chart constructed In the following manner,
however, affords a means of transforming rapidly the
one diagram to the other, with a sufficient degree of
In Fig.s, P:Y the horizontal diameter
‘ Draw DE at Ol to AB

approximation.
AB again represents the stroke.

as shown. Now divide DE into as many equal parts as

may be desired. With radius equal to g'times 0A, and

centre on BA produced,draw arcs from the point of

division, such as C, to cut the circumference of the

circlq/
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circle as in G¢'. With the seme radius but with
centres on ED produced now draw arcs from such points
as C' to meet the diameter IE in such points as C".
The displacement AC on the out-of-phase dlagram
corresponds to the true displacement DC"; for the
angle A0C' = p, and (p-9d) which is the angle of the
engine crank, = DOC'. If a point 0' be chosen on
ED produced such that 0' D represents the'dlearance-
volume to the same scale as IE represents thg stroke -
volume, then 0 ¢" rerresents the total volume corres-
ponding to the point C on the base of the displaced
diagram. |

Fige 4 1is the éhart constructed in this way for
the engine in question, showing crank displacement
angles.

The direct transformation of gradients.
(see Fig.5 P ). On differentiating equation (1)

we get - . sin
% = TEnp AT ;\‘-—sm"'p
. sin (5)
= *&"P'*'nz-aMp .......
Where [5 has the value (- o~), as for the engine crank,
o (- sén((i-ot)ms(_rb—o()} |
%—s{? = T &Sm({’a g) + \/ﬁ" —sin (p-X) ) T T —f (6)

Now at e particular point on the displaced diagram

——h . Suppose the elément

Y
let the gradient by given by Ss,

]|

of displacement Ss_, on the displaced diagram to correspond

with $s on the true dilagram; but in both the increment
of pressure SF 1s the same and so also is the Increment
of angle %P .  The true gradient on the true dlagram
is %—E . 33 8s,

s . 3
True gradient _ fangp g - gs - SE
Apparent gradlent tandp, §.[S’_ S §,[;)

Ang/'
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And this in the limit is
ds, : sinP cosp
ap SMP + VeE—sintp
as sén((bv-o(,) Un(@—d) cos(p-o)
ap t e sin*(p-d)

tangp = smp * By o
4 !

sin(p-o Sin(p-o) cos(B-d)
((b )+ Vit —sin*(p-o) :

I

T W 0 oo 2O W 0 PR -

The indicator reducing gear used throughout the
tests described in the following pages was of the
"aecentric and strap" form as adapted by Professor
Goudie for the prime movers in the Jameé Watt Labora-
tories.

b.14
- Fig:'[ ;\illuatrates the mechanicsal arrangement o

the gear.

--——7-----000--4--------
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SECTION I1.

THE  APPARATUS.

The engline 1m use was a Crossley of about 9 rated
BeHePs at 200 revs/min. governed by a hit-and-miss
Imechanism,Aand having a bore of 7ins. end a stroke of
15ins, It had been fitted originally with hot=-tube
. ignition; %but this was superseded by battery ignition,
operated by en adjustable contact in the cam shaft working
on the primary circult. It was at first considered
desirable, however, to have a single igniting spark in each
cycles For this reason a magneto was arranged as an
alternative means of ignition.

The combustion chamber of the engine is shown in
section in Fig. & (P.4) It was rodghly spherical and
the aperture 1 lay:on the axis. This aperture which was
9éytn diameter was peart of the orlginal hot-tube ignition
system, in which it served along with a timing valve to
make communiéation between the combustion chamber and the
hot=tube. It proved of great use in the present tests
in accommodating a glass window by means of Which the
centre of the chamber could be observed during the
combustion perilod. The cover casting which fitted into
the large aperture 2 carried both the indicator and the
spark plug. The extended poles of the latter were so
arranged that the spark-gap was in line with the aperture 1.

The special apparatus which had to be devised by the
writer for the first tests included (a) a spark indicator
to show exactly at what point in wach cycle the spark took
place, (b) a window in the cylinder and an adjustable
camera lens, (c) a photographic box in which to have the
luminous period photograrhically recorded, (d) & magneto
from which té obtaln a single igniting spark per cycle and

(e)/
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(e) a spark plug with extended poles, These will be
described in turn.

(a) Spark Indicator. Reference to the work of Hopkinson

and David on explosions in a closed vessel will show that
they measured time from the point at which the pressure
began to rise, This point 1s far from definite even for
explosions in a vessel of constant volume, and is less so

in the engine. The only satisfactory point of zero time

is the instant the igniting spark takes place. To obtaih
an exact record of the posltion of this point in the engine
cycle, several methods were tested in which an suxiliary
spark-gep in series with the spark plug was filtted. The
comparatively weak 1um1nosity of the electric spark rendered
it desirable to have the spark carried near the recording
screen. The most sgtisfactory arrangement for the purpose
of the tests which "will he described was found to be that
illustrated in Figs.Sfaalo,kaUﬂY. The long extension rod
on the indicator reducing gear (see Fig:lhm) was made to pass
through a wooden camera box, and inside the box it carried
thé suxlliary spark apparatus. This consisted of a small
vulecanite chamber 1 (Fig.d ) carrying the two brass
sparking points 2, This was filtted to the end of a short'
tube vahich in turn carried another short telescopic tube 4.
At the end of thils latter tube was fitted a lens 5 of short
focal length. The whole arrangement was attached to a
carriage plece clamped to the rod 6. An image of the spark
pessing at the suxiliary gap was thrown on the ground glass
screen 7 fitted to the end of the camera box. The indicator
reducing gear was set out~cf-phase by the desired angle.

In work of this kind it is Professor Goudile'!s practice
to have the circumference of the fly wheel marked off in
degrees sgainst an index and the dead centre positions
cerefully noted. This was found to be & great advantage

throughout the tests 1n making angular measurements and In

the/ ‘
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the settlng of the apparatus. A scale was made on
the ground glass screen of the camera box in the following
‘waye. The englne was set at its inmner dead centre and a
sperk was caused to pass at the gap. A mark was mafle on
the glass screen against the image of the spark, The fly-
wheel was turned in succession to positions st 5° intervals,
the spark was passed and a mark made at each,. In this way
a scale of crank angles was formed on the glass screens
When the engine was running the true spark point could be
noted with easse. The scale is clearly seen in Fig.l0 p.l7

With battery ignition a train of several sparks appeared
each cycle, when contact was made in the primary circuilt.
A magneto arranged in a manner described later gave one
spark, and this was used in certaln of the photographic
tests.

(b) Window in cylinder. This is shown in Fig. !d p.20

The window consisted of a plece of optical glass 1 (FigJ%)y,
sbout 1.2 ins. in dliemeter snd 7o thick, held in a steel
gland 2 which was bound down to the cylinder casting by two
studs. Washers of rubber insertion were useéd as packing
betﬁeen the glass and the gland on one side, and the glass
end the cylinder on the othere. Screwed into the gland was
a vulcanite piece 3 as shown, and this in turn carried a
brass tube 4 fitted with a lens of short focal length.
Adjustment was made by sliding the tube 4 on the vulcanite
body. A small aperture was formed by boring a hole in a
cylindrical piece of vulcanite 5. It was not expected at
first that the igniting spark inside the engine would be

suffieiently luminous to make a clear record on the fllms,
end, with a view to obtaining this if neccessary, an

h auxiliary spsrk-gap was provided for by the terminals 6.
 i} For the tests described, this was not required. The
aperture in the qylinder, which was used for the window was
a hole of about% in. dlameter lying on the axis of thé
cylinder/
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cylinder. The length of the hole was 23@»in. The metal
surrounding it was kept cool by the Jacket. It may have
been because of this that the window remained clean after
meny hours of running and that there was no deposit of
carbon on the glass to Interfere with the intensity of
the photographic record.

The brass tube was adjustable to allow the beam of
light to be focussed on the recording film as it moved
to and fro inside its cylindrilcal camera box.

(¢) Photographic Drum. The recording apparatus shown in

Fig.ll p.18 and Fig.14 p.2! was made out of parts of a
Crosby indicator. The spindle 1 was made of conslderable
length so that an axial adjustment of the drum over a range
of about 2 iIns. was possible. An internal drum 2 was fitted
and soldered to the drum pulley. It was slotted at 3
parallel to the axis and a small feather 4 in the recording
drum was made to fit the slot. The recording drum was thus
capable of being displaced axially by turning the milled head
5, without Interflering with the oscillation transmlitted from
the reducing gear. The photographlic fllm was carried on the
drum like an ordinary indicator card. The whole was enclosed
in a fixed outer drum 6. This had two apertures, one through
which the indicator cord passed, and one as at 7 through
which the beam of light from the engine was direc¢ted on the
film. A cardboard ring which was a sliding fit on fhe

outer drum acted as a shutter. In position on the engine

the drum was fitted with its axis vertical and the mllled
head down. The ordinary tapered and screwed fitting on the
body of the indicator was used In fixing the apparatus to a
bracket on the engine. Once a satisfactory adjustment had
'been‘made for focus, etc. an arm was rigidly fixed to the
eylinder to act as a stop for registering the apparatus in
posit ion when 1t was necessary to replace it after the
removal from the engine. After some initial adjustments

the arrangement worked most satisfactorily,

b
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(d) Magneto Ignition. It was consldered desirable to

have .a single ignlting spark per cycle, capable of being
advanced or retarded through considerable angles., Anbther
device had therefore to be made from avallable apparatus
to meet these requirements., The englne ran at little over
200 revs/min and at this compasratively low speed the
arrangement shown in Fig.l2 p.l8 and Fig. |5 p.24 proved
very satisfectory. A split sleeve of steel 1, fitted to
the cam shaft, carried seven radlal pins 2 distributed angule-
-erly over 45° , and spaced até@in. from each other axially
along the sleeve. A magneto taken from a 4-=cylinder petrol
engine was flitted btelow this on a bracket, with 1ts driving
spindle parallel to the cam shaft., Held securely on the
magneto spindle by means of a tapered boss, feather and
set=-screw was a squared bar 3 carrying an arm 4 which, when
the cam shaft rotated, was carrled round through a limited
angle by one of the radial pins and then released. By the
action of a spring in tension behihd and attached to the
"arm 5 the magneto spindle rapidly returned until this arm
hit a stop. . The return motion of the megneto spindle was
arrested by the stop just after the srmature had passed a
pole. Thus when the appropriate lead was attached to the
spark plug a2 single spark was the result. The polnt at
which the spark took place was adjustable by moving the
arm along the bar so as to engage with any desired pin.
Finer adjustment was made by moving the ordinary lever on
the magneto which operates the ring carrying the steel shoes.
When'pmeliminary difficulties due to shorting at the spark-
plug and the auxiliary gaps were overcome, the magneto so
arranged worked very well within the working limitations
of so simple a device. In thils connection it must be
pointed out that the time between the instant of the release
of the arm 4 and the instant when the spark occurs is
practically constant. If the engine speed is not constant
the angular positlon of the spark is therefore variable.

&/
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A simple expedient adopted in the tests overcame
this difficulty. The engine was so loaded that a missed
cycle occurred in not fewer than 25 cycles. The speed was
go uniform that it became possible = apart from missed
cycles - to confine the variation of the spark-point to
a fraction of a degree of cﬁank angle. A varilation of
half a degree was easily detected on the ground glass

screen of the spark indicator.

(e) Spafk Plug. Access to the inside of the engine
eylinder could be had through the flanged cover on the

top of the cylinder. The engine indicator and the spark
plug were carried on the cover. The sparking circult

was a source of considerable difficulty before continuous
running of the engine became possible. The magneto, when
tried by holding the plug lead at the appropriate distance
‘from g part of the engine, was found to be capable of
giving a spark up to%@ in. long. Under running conditions
however, it was found necessary to have the total gap-
length (adding the plug gap and the auxillary gaps) less
ﬁhan£@>tn. The insulation of the plug gave considerable
trouble owing partly to the kind of position 1t occupiled
ban the englne, and pertly to the need for letting the plug-
pdints dawﬁ into the centre of the combustlion space. The
removal of sharp edges from the metal parts of the plug end
“the use of mica Insulation together with the devlce of
tightening up the binding gland on the plug from the inside
of the cover - as shown in Fig.l!6 p.t5 - helped to over-
come the difficulties of shorting and leakage.

At first sight it might seem that the light poles at
the plug would set up pre-ignition due to thgir overheating.
This in practice did not occur except once or twice at
long intervals when the air/gas ratio was particularly small,
or when it was so great as to set up the prolonged burning
characteristics of weak mixtures. This freedom from

pre-ignition/
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pre-ignition was agreeably surprising, and shows that
the fairly light poles of the spark plugs cooled quickly
enough to be at quite a safe temperature when the fresh
charge was entering the cylinder.

In addition to the above pieces of apparatus which
were specislly devised for the present tests, two more
may be mentioned at this stage, namely, the exhaust
thermocouple and the alir measuring apparatus.

The Exhaust Thermocouple. The thermocouple was one of

Platinum and Platinum-Rhodium and was fixed in the exhaust
pipe as near the valve as was practicable. The fixture
was of the form shown in Fig.|7p.27 . The wires ran
through holes in the porcelain rod 1 which was carried in
the brass holder 2. The slate disc 3 which was ficed to
the outside of the holder acted as a stop to the porcelain
insulator. Liquid plaster-of—?ﬁfis was used to cement
the wire inside the holes of the insulator and to cement
the porcelain to the brass body.

To render the couple as sensitive to temperature
‘changes as possible, it was thinned down at the junction
to & few thousands of an inch, following the rractice of
certain American experimenteré}) The recording instrument
was a portable potentiometer. The calibration curve used
with the instrument was obtained partly from actual
calibration and partly from figurgs supplied by the
Cembridge Scienﬁific Instrument Company.

Alr Measuring Apperatus. This was arranged to make use

of the method of the calibrated throttle-plate. Mr. R.O.
King has published a description of air boxes and figures
for the flow of alr through throttle-plates, which he

used for measuring the air comsumption of petrol engines.

For/

(1) Rosecrans and Felbeck: "A Thermodynamic Analysis of
Gas Engine Tests"™. Bulletin 150, Englneering Experiment
Station, University of Illinois.
- (2)"Engineering", April 13 and 20, 1923.
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For slow speed single cylinder engines the appéfétus‘
requires modification and the adapgﬁon arranged dnd

used by Professor Goudle consists of two alr-boxes in
series, each 2 ft x 2 £t x 5 ft. In the suction pipe
there is a T-connection to leather bellows (see Fig.ld
p.Z'T) the lower end of which is loaded by means of
strong india rubver thongs. The leather beiloWS serve
to reduce to a very great extent the pressure fluctuations
in the box. The oil gauge used on the air boxes (see
Figsﬁdmp.29 ) was devised for the present tests as an
improvement on the geuge described by R.0.King from the
point of view of convenience in reading. A bore of 2 qu
_in the gauge tube such as he used is found to induce s
considerﬁble capillary effect in the 01l column so that:
there is a large zero error. The fluctuation in the
ordinary working is such as to render the capillarity a
verlsble quantity. The introduction of a tube of 3" bore
eliminated the zero error, but owing to the large
independent fluctuations of the oll in the tubes, 1t was
found necessary to reduce the bore at the immersed end

to about 1 mm. The‘motion of ﬁhe index~points was
controlled by & rack and pinion and was readable 6n the
scale. The zero was read With the points just touching
' the 01l surface, while the reading of the head of oil
was made with the points lying in the same plane as the.
bottom of the menlscus.

" Method of calculating the Air/Gas ratio. If the idle

eycles are frequent the mean alr box reading may be taken
as representing an average rate of consumption covering
idle and working cycles. Let A £52 be the average air
consumption of the engine per minute at 15°C and 760 mm.
and let g £t} ve the gas used per cycle reduced to the

—

same/
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same temperature and pressure. Let n be the number

-of working cycles per minute and m the number of.idle
cycles. The air used per working cycle 1s, say g ft?
The air drawn in per idle cycle 1s approximately atg.

Hence the air per minute 1s na + m(a+g),

1.6 A = (min)a + mg or a =__§
m+n
. A -
The air/gas ratio = ——r— = —
g(m+n) m+n
- But mtn =% where R = revs/min.

‘The air/gas ratlo 2 = (-—-— - ..

When the missed cycles are very infrequent the
reading on the alr box, if taken in the interval between
| the idle cycles, represents the rate of air flow when

every cycle is a working cycle. Hence the air/gas

s _ 24
ratio i Rg"

Engine Indicator. The indicator used was of the Maihak

type and was tested continually for friction and slackness
at the pins. It proved very satisfactory for use in

these tests.
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SECTION IITI.

Photographic Records of Explosions.

Reference to Fig.2| p.3d will show the kind of record
obtained ghotographically under the best conditions and 1ts
relationship to the displaced indicator diagram.

The short dash of light is typlcal of the magneto
spark. There is a considerable interval between the passing
of the spark and the burst of incandescence which follows.
It is well known that there is no appreciable rise in}
pressure due to combustion for some time after ignition
takes place. This is well illustrated by the indicator
diagram. But there 1s similarly a pause before the lumin-
osity of the burning period becomes noticeable. As the
point of maximum pressure is approached, the incandescence of
the gases becomgs-intense and the instant of maximum intensity.
of incandescence seems to fall close to that of maximum
pressure. In the example furnished by Fig.Cll , the spark
'toek place at 13° before dead centre, but the maximum
pressure and the maximum intensity‘of luminosity occur
conslderably after the dead centre has been passed.

This record of the nature of the relationship between
the pressure and.volume and the luminosity of fhe explosive
dharge in a gas engine is new, and its value lies not so
much in what 1t proves as in the problems which it helps to
emphasise. |

If luminosity were regarded as evidence of “burning"
then the process of'burning would seem to persist for a
considerable part of the expansion stroke. It is considered
that 1t can be satisfactorily demonstratéd~along»the lines

of experiments to be deseribed later that the luminous

‘condition/
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condition is independent of the presf%nce,of any
similtaneous chemical activity such as is implied in the
term "burning".

The time of attaining any particular intensity of
Juminosity, or the maximum pressure, after the passing of
the spark may be expected to vary wlth such factors as the
quality of the combustible mixture and 1ts density at the
instanf the spasrk takes place. It might be considered,
therefore,that the variation of the jacket temperature and
of the angle of advénce of the spark would yield interesting
information about the conditions governing combustion speed.
Specific tests of this kind were made.

Bffects of variation in strength and kind of spark.

-Before these tests are deseribed a word will be sald
about‘the:spark ignition. The strength of the spark, pro-
vided it i1s sufficient to fire the mixture, seems to have no
appreciable effect on the speed of inflammation. A few
tests have been made by Boné,Fraser and'Witt(IJon mixtures
of CHy and Oy, with sparks of different intensity; but no
alteration in the speed of combustion could be observed.

The apparatus which has herein been described provided a
means of testing thisApoint as appiied to the gas engilne. |

Under absolutely constant running conditions the ignitlion
system was alternately switched to the magneto and to the coii.
Indicator dilagrams were taken and simultaneously an exposure
was made on the photographdc film for each chamge In the
ignition. The records of combustion and the ﬂhicator dlagrems
were found to be the same with both types of'spark.

' The magneta spark has a variable intensity depending on
the positioh of the ordinary adjusting riﬁg which carries the

steel shoes. The battery and coil arrangement is operated

by/

(1) "Fleme and combustion", Bone and Townend p.1l56 et seq.



by a contact stud carrlied on a vulcanite cam by the cam-
shaft, As the stud passes under a brush,contact takes
place in the primary circuit. Several discharges take
- place during the time of contact. These can be traced
in Figs.22 and 32, bb.33 249

In Fig.22 1f the position of the first discharge
of the battery and the beginning of the corresponding
‘Juminous period be compared with the magneto spark and
its consequent line of luminosity, it will ve clear that
combustion is set up by the first battery discharge.

Time intervals measured on the record of luminosity or
on the indicator diagram from the first battery discharge
are the same for the same wWorking condltlons as those
measured from the single magneto spark.

EBach separate discharge either from the battery or
the magneto, however, is itself composed of a train’of
sparks taking place in rapid succession. ! With a low
capacity in the secondary of a coil or magneto the
number of sparks per discharge is large, and with specially
low secondary capaclity the discharge conslsts of a
"preliminary spark followed by a continuous but pulsating
and decaying arc,"(?) Careful examination of the
photograph Fig.22 will illustrate the nature of a spark
with low secondary Capacity. The magneto dilscharge
appears as a point of light merging into & short dash of
light of decfeasing intensity. A comparison of the
photograph of the explosion set up by the magneto spark
with that of the explosion set up by the more concentrated
first/

(1) Taylor-Jones "Theory of the Induction Coil".
(2) Teylor Jones "Spark Ignition" Phil. Mag. Dec. 1928.




first discharge of the coll tends to show that the
Initial spark of the magneto discharge is the igniting
agent. This corroborates the statement of Patterson
“and Campbellfl) that ignition depends on the energy of
the first oscillation of a discharge and not on the
total energy of the whole discharge.

Fig.22 was obtained from the explosion of a rich
mixture with the use of a very sensitive film, an
aperture of aboutséz in, dnd with elght superimposed
explosions. The halation on the combustion lines
illustrates the varlation in intensity of the light.

The phbtographic records of the luminous perilod made
in the earlier tests (A, B and cfz%ere taken on a
comparatively slow fi1lm (about 300 H and D) and have
therefore a different appearance from the later records
(as in Figs.22,52 efc) taken under improved photographic
conditions.

Observations.

As a rule the required'observations consisted of
gas-meter readings, revolutions, explosions, spark
angle, jacket temperature and air-box readings. The
writer had the assistance of one other observer and the
readings were planned in the following way. One observer
took the meter reading. After thirty secs. he took
the spark angle reading and thirty secs. later he noted
.the air-box reading. In the same sequence the other
observer was meanwhile reading the revolution counter,
the e¥plosion counter and the jacket temperature. The
combustion records and indicator dlagrams were then taken

off, and, after a chosen interval of time the sequence of

test/

36

(1) Proc.Phys.Soc. 1919. p.177.
(2) See page 37 et seq
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test readings was repeated. TWhen the engine was
running steadily under load it was found that the
whole of the readings for a test could be made in 6
minutes with remarkasble consistency as between the
readings for tests made under the same conditions.

Care was téken, however, to have the engine running for
& considerable time under steady conditions before the
observations were commenced.

The record of the luminous period was made by
exposing the moving film in each test for a chosen
number of explosions, generally six. The film used at
first was ordinary Kodak spool film with a speed, it is
supposed, of about 300 H and D. ILater it was thought
necessary to get a speedier film for certain tests, and.
Imperial special cut film was then used having a speed
of about 600 H and D. Measurements of the luminous
period etc. were made directly on the negative.

. In the earlier tests it was found that ' owing to
the comparatively slow film used, the conditions had
to be chosen which caused the luminosity to be as
pronounced as possible. The rich mixture which was
used caused the explosions to be vefy vigorous and this
led to much vibration on the pressufe record obtained

from the indicator.

Combustion Tests.

The first tests were planned In the following order:-
A. Varying Jacket Temperaturd. '
B. Varying Air/Gas Ratio

The results obtained from A and B were chiefly
of a negative nature and shall only require to be

dealt/
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~dealt with briefly. But C proved to be of very great

interest and, it 1is believed, of importance in
affording grounds for discussion relative to heat losses

and "after-burning".

Combustion Tests. Seriles A. Varying'Jacket

Temperature.

| In these tests the speed, mixture strength, point

. of ignition and general running conditionslwere kept

throughout as nearly constant as possible, excepting

the jacket temperature which was varied from test to
teste. The series consisted of five tests with jacket
temperatures verying from 68.5°F to 145.7°F. The
incandescent period showed no sensible effect due to v
difference in jecket temperature. The photograph F1g23,}.39
indicates the nature of the records of the luminous
period for this test. In table II are to be found the
observations and values of the alr/gas ratio. This
quantity increased from test Al to test A5 by about 1.7%
and this may account for the slightly increased interval

between the spark and the commencement of incandescence.

Table II

Alr/ | Gas/ KT/ ~[Gase-
: Min Cycle Idle Gas|Jacket|Spark ous | Vol.
Test [at 15°C |at 15°C |Revs/ |[Cycles Temp. [Angle| Vol. | Efficy.

& 760mm| & 760mm Min|per ¥in v use%/

: ~ ~leycle

Aftd | g £t R m OF |degs.| ft®
Al.| 24.28 |0.0408 [204.4 | 3.6 5,794 | 68,5 |=10% [0.277 0,830
A2.] 23.99 [0.0407 |202.4 | 2.4 5.,800| 93,5 ~111 0.277 | 0.830
A3.| 24.06 {0,0408 ([203.2 | 4.0 5.8041109.5 -10? 0.276 | 0.826
A5. | 23,75 |0.0392 |204.4 0 5.930(145.7 [-10 |0.271 | 0.811

Cylinder Diameter 7"; Stroke 15".
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The effect of increased jacket temperature on the
volumetric efficlency (referred to 150C and 760mm.) is
éhown in the last column of Table IT,. These figures
yield the curve Figdyhh39The total effect of the change
in jacket temperature from 68+5°F to 145+7°F upon the
volumetric efficiency , it 1s interesting to note, is
6n1y sbout 2%. |

In making the exposures for the photographic record;
care was taken to include neither an idle cycle nor the
working cycle immediately following an idle cycle, The
working cycle fqllowing immediately upon an idle cycle
has a less luminous explosion than the normal.

Typical indicator cards selected from tests Al and A5
ere given in Fig.25, k39 It will be seen that they are very

much alike.

4 Combustion‘fests.' Series B.. Varying Mixture
Strength. f

With the ordinary films used in these combustion
tests the exploded charge does not become suffibiently
Juminous to yield a satisfactory rhotographic record
unless the mixture is a fairly rich one. The range of
variation of mixture strength sultable for the present
purpose is therefore very restricted. Nevertheless, as
the ph&tograph Figﬂl%ﬂshows, the intensity and duration of
the luminosity both increase. (as might be expected) with
decrease in the air/fgas ratio. Another notlceable effect
is the shortening of the gap between the spark and the
beginning of the line as the milxture strength increases,

The indicator diagrams Fig.26pAlare -ppepmissbe copies
of those obtained in this test. The original dlagrams
wemewer exhibit very marked vibation at the pencil in the

exploslon stage. This vibration becomes the more violent -

in/
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in keeping with common experience = as the milxture
strength increases, But a close examination of the
diagrams yields the following results. The maximum
pressures 1n cases 3,4,5, and 6 are practically the
Same. (The maximum pressure is obtained approximately
by striking a mean line through the vibration waves in
the disgram until it meets the line of rising pressure).
Choosing a arbitrary ordinate = in this case at 0¢25 in,
from the end of the dlagrem - and measuring the pressure
on the expamsion line it is found that very nearly the
seme value 1§ obtained in the cases 3,4,5,and 6. The
compositions of the post-combustion mlxtures in these
three cases are practically the same and therefore their
internal energies at *25 in. from the end of the diagram
are practically the same. The spark point is the same
in all cases and the four diagrams are very similar in
shape. Hence the work done by the charge between the
ignition point and the,chésen ordinate is very nearly the
same in all cases. Now the heat generated in burning
the richer mixture is greater than that generafed in
burning the weaker. Where does the extra heat go? The
longer incandescent périod indicates a longer period of
intense radiation and of high temperature. As shown later
it is probable that the extra heat is largely radiated
awaye This point will be discussed more fully in a later
section of this report. The maximam pressures and the
pressufes at 0°25 in. from the end of the dlagram are
given in Table IV for the seriles B, while Table III

includes the record of the test observations.
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Table III.
EIr/ Gas/ Tdle T AilT/
Min Cycle |Revs/ |Cycles Gas | Jacket Spark
Test| at 15°C | at 159C Min| per min Temp . Angle
& 760mm | & 760mm ,
A £t} g ft? R m Op Degrees
| Bl.| 25,25 0.0380 208.4 5.0 6.54 103 .5 -9
BZ. 24 065 000391 20800 108 6004 105 02 "9
B3,| 24.55 0.040%7 209.2 b.4 5.90 104.0 -9
B4.| 24.50 0.0418 210.0 5.0 5.54 104 .2 -9
B5.| 24.10 0.0424 |208.0 3.2 5.44 105.2 -9
B6.| 24.10 0.0422 207 .2 4,0 5.48 103 .7 ~9
Table 1IV.
-~ |Maximum |Pressure
Test |Pressurelat 0.25"
lb/2 from end
in® |of dliagram
Bl. | 348 147
B2. 362 150
B3. 379 152
B4. 379 152
BS5. 382 152
B6. 379 152

, v
Gombustible Tests. Series C. Varying Spark Point.

These tests ylelded well defined results,

The spark point

was varied from an angle of 29° before, to an engle of 1° after

the inner dead centre position of the crank. All the other

running conditions were kept nearly constant.

In all, five tests were made. The photographlc records

conéisted of three exposures for a test, each exposure lasting

Certain measurements were made on(the

for six engine cycles.

negative, but to indicate the nature of the record the photograph

Table V contains the observations and

Figi&k44is given.

results of the tests. InFig.®)psare glven the indlcator cards

in the displaced form. As in Series B the original cards

exhibited/
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Table V

Alr/ Gas/ Alr/
Win Cycle Idle Gas | Jacket Spark
Test|at 15°C | at 15°G¢ |Revs/ |cycles Temp . Angle
& 760mm | & 760mm Min |per min Degrees
A £t g £t R m op
Cl.| 22,92 0.0410 205,.6 2,2 5.422 103.5 -29
C2.| 22,73 0.0405 206.,4 4.6 5.376 100.2 ~22
C3.|22.92 |0.0410 [204.4 | 2.6 |5.444 101.5 ~13%
C4.| 23.45 0.0416 207.6 4.0 5.398 101.5 -7
C5. | 23,75 |0.0419 |209.6 | 4.2 |5.370 102.0 + 1

exhibvited very violent vibration at the pencil, because of
the rather rich mixture used for the sake of getting lumin-
osity. But the approximate maximum pressure was measured in
each case by striking a mean curve through the vibration
waves. The point in which this curve cuts the rising
pressure curve was regarded as the point of meximum pressure.
Values thus obtained, together with values for the pressures
at 0,25 in.yﬁrom the end of the diagram are given 1n Table VI,
In cases 1,2 and 3 the maxlmum pressures, it will be noticed,
are practically equal. The pressures at the arbiltrary
ordinate, however, steadily increase from the case Cl in

whiich the angle of advance of the spark is 29°, to the case

C5 in which the spark angle is +1°, The chosen ordinate

corresponds to a piston displacement of 0.267 stroke.

Table VI.

‘ Maximum essure.

Test |Pressure| at 0.25'

Lo/, from end

in2 of diagram

1v/in
cl. 374 ‘143
ce. 370 146
c4. 351 156
C5. 322 161

Referring/
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Referring to the record of the combustion Figlﬁ}Mthe
first thing to note 1s that the time lag between the spark
and the beginning of the photographic line has a small
range of variation. By choosing a point of a certain
intensity at the beginning of each line and noting the
engle between the spark and this point, we get what we
might call an angle of ignition lag. (The values of
this angle were found to vary in an apparently irregular
manner between 163° and 1949, Perhaps the explanation for
this is to be found on a closer examination of the results.)
Similarly a point of equal intensity chosen at the end
of the line gives us a means of getting a relative figure
for the persistence of the luminosity. The angle during
which luminosity persists varies regularly with the
position of the spark point. The curve on Figﬁp&SZShows
how, as the spark point is advanced, the total crank angle
(or total time) during which actinic light persists
becomes greater. The values of the angle as measured
are given in Table VII.

In this table are also to be found values for the
fressure P, the volume V and the product of PV corresponding
to the point on the expansion line at which the

luminescence, as recorded by the camera, disappears.

Results of Series C and thelr probable significance.
Varlatlon of Combustlon speed with Densitys

Reference to the diagrams in FigZQP%mrows light on

the apparently irregular nature of the variation in the

angle of ignition lag glven in Table VII. In cases Cl

and G2 the maximum pressure occurs before the dead centre
is reached. In C3 and C4, however, the dead centre falls
within the inflammation period. In C5 the whole
inflammation period lies in the forward stroke.

fore seems that the average density of the charge during

It there=~

explosion/
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explosion effects the explosive speed. The greater
the density the less the time lag. The variation in
the average density during explosion for the whole
-8eries of tests is only a matter of 10 per cent.

A further point arises from the fact that while the
average volume of the charge during explosion in test C1l
is about 0°103 £t3, the average volume in G5 is about

0°95 £t3 and yet the latter shows the longest ignition

lag of the series. It seems therefore that the speed

of explosion iIn Cl is higher because the density is

increasing as the explosion proceeds, while in C5 the

density 1s rapldly decreasing while the explosion proceeds.

Higher speed of explosion no doubt results from higher

denslty towards the end of the explosion period.
Veriastion of Temperature at end of Iumminous Period.

In Table VII the column of values of PV applying to
the point where the actinic light ceases, is included for
the following reason. Towards the end of the luminous
period it may bé assumed that the charge is approximating
to a conditioﬁ of thermal equilibrium. It 1s reasonable,
therefore, to test the temperature at this point by means
of the cheracterlstic law PV=WRT or T = K X PV where k
is a constant.

The reading of the points on the fliagrams which
represent>equal intensitles of luminosity can only be a
roughly approximate process. The results obtained,
therefore, for PV as tabulated tanable,VII do not prove
that the intensity of luminosity 1s not a function of
temperature only. The values of pressure contained in
Table VI referring to the arbitrary ordinate show clearly
that the expansion lines of the diagrams teken with ean

advanced spark lie below those with a less advanced

spark/
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spark - over the whole range.

A thotograrhic test made at a later date to verify
the conclusions come to in connéction with Series C. is
illustrated by Fig.J2 p.49 . With constant air-gas
ratio a series of exposures was made at various angles
‘of advance of the spark, a specially rapid film being
used;:. - The longer incandescent period due to'
advancing the spark is véry clearly illustrated, and the
cessation of the incandescence 1s seen to take plece
earlier in the expansion stroke as the spark is advanced.
The actual indicator diagrams corresponding to the tests
are glven.

Exhaust Temperature and Varlable Spark Point-

A decrease in the internal energy of the gaseous
productes after the prolonged incandescent period experienced
with early ignition, is indicated by a few temperature
measurements at exhaust, made with different points of
ignition. The clear result. obtained was that the
temperature of exhaust falls steadily with the advancement
of the spark = and this 1in spite of the smaller quantity
of work obtained frém the charge. The figures in Table

“VIII and the curve in Figd|S2demonstrate the nature of
the variation. This indicates that early ignition
gives rise to (a) a hotter jacket, and (b) a cooler exhaust.

The exhaust temperatures were measured by the l
thermocouple of Platinum and Platinum-Rhodium fixed in
the exhaust pipe as near the valve as was practicable.

(see pe 28 ) The readings were made on a portable
potentiometer. When tﬂe englne was running steadily with

very few mlssed cycles, contact was made continuously by

hand in the galwanometer Eircuit of the potentiometer

while adjustment was made. The potentiometer reading

increased/




Table VIII

Spark Exhaust
Angle Temp .
Degrees O¢
-4 531
-313 535
-21? 546
-12% 559
- 4 568
+ 3 575
Table IX.
, .
: Heavy
TESTS GOb 0o No co Ho CHy ﬂydro—
Carbons.
A&B 4.1 0.§ 63 18.4 | 49.2 | 19.7 2.0
c 405 006 600 1601 48-6 21-9‘ 2.5
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increased steadily until a maximum was reached. This
maximum was noted as the reading for the normal exhaust
temperature. Difference between the relative figures
obtained are readaeble to within 1 degree while the
accuracy of the absolute temperature value is reckonéd
to be within 10 degrees. The magnitude of the effect
of the metal sirfaces in close proximity to the thermo=~
~couple 1s, however, unknown.

Quality of Gas. Thé conmpositions 6f the gas used in the

tests A. B. and C. are to be found in Table IX. These
were supplded by Mr. Mclusky, manager of the Gas
Depertment of Glasgow Corporation.
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Discussion of Tests A, B and C.

It has been general among those who have studied
the combustion process by optical or visual means to
- regard the luminosity as a sign of the chemical'activity
which is implied in the term "burning". Thus Bone,. for
example, spesks of the "final period of intense luminosity
«sse Guring which presumably the main combustion occurred'%)
Ellis and Wheeler, too, In descrlbing some photograprhs of
explosiongz in a glass sphere which showed that the core
of the gaseous charge exhibits a revival of luminescence
as the burning process goes on, state that this phenomenon
"is due to the completion of combustion, under increased
pressure, of molecules of combustible gas that escaped being
burnt whilst the flame was travelling";vand they conclude
that this means that "after-burning" takes place.

The writer is of opinion that there is no evidence to
show that the luminous condition is more than a temperature
effect which may persist after the chemical activity,whiéh
 gives rise to 1t has subsided. It is patent that chemical
activity must exist during the period of very weak lumin-
osity which lies just after the passing of the spark and
during which the greater part of thé rise in pressure takes
place. Yet 1t is only when the temperature becomes very

high that the combustion is accompanied by the radiation of

light to a ma.tfked extent.

1t/ ‘ .

(1 "Plame and Combustion in Gases". p.l58.
(2) Journal of the Chemical Society. Feb.1927.
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If the luminous condition was necessarily a mark of
chemical activity then burning would appear (in Series GC.)
to be more prolonged with an advanced spark - and high
average densiﬁy ~ than when the spark was retarded. This
does not appear to be reasonable. It is true that the
luminous condition persists further down the expansion
stroke in the case of the retarded spark than in the

case of the advanced spark (see Fig.32 p.49); but it
also is true that after the prolonged period of intense
radiation accompanying the latter condition, the‘internal
energy. of the charge is less at any given point in the
expansion line than when the spark is retarded. This is
demonstrated by the readings of exhaust temperature
(Table VIII) and by the pressure readings at 0.25" from
the end of the aiagram, given in Table VI. It will be
still further demonstrated in the account of the later
tests of Series D.

There is/né evidence in these tests of the protracted
chemical activity which is implied in the term "after=~
burning®. The writer 1s of the opinion that both thermal
and chemical equilibrium may be assumed with confidence
to exist after an interval of time from the point of
maximum iIntensity of radiation, equal to the time which
elapses between the spark and the point of maximum
intensity. This time varies in the tests according to the
angle of advance of the spark and the air/gas ratlo. It
rénges from 18° to 30° of crank angle or from about 0,015
to- 00236 second. . -

It was Hopkinson's conviction in working with
ﬁorﬁal mixtures that combustlion was quite complete by the
time/

(1) Proc. Roy. Soc. Vol.77A, 1906.
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time the flame front reached the walls of the explosion
chamber, i.e. by the time maximum pressure was feached.
This was at variance with Clerk's conception which is
described as follows in his own wordsf(l)

"The explosion is complete when maximum pressure
1s attalned. It does not follow from this that the
combustion is complete; that is another matter. The
explosion arises from the rapid speeading of the flame
throughout the whole mass of the mixture. More or less
rapld Inflammation means more or less explosive effect, but
not cbmplete combustion. The complete burning of the
gases'present may not occur until long after complete
inflammation".

In the present tests there seems to be nothing
which cen be regarded as proviﬂg Hopkinson wrong or Clerk
righte. Clerk's conception was largely based on the
results of his classic experiment on the rehcompressi?g)
and re-expansion of the gases in the engine Cylinder.
A later section of this report deals with a repetition
of this experiment the results of which do not seem to

suppbrt all of Clerk's conclusions.

(1) "The Gas, Petrol and 0il Engine". Vol.I. p.128, 1910,
(2) Proc. Roys. Soce Vol.77A. 1906. p.500. :
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SECTION IV

Effects ef Varying Spark-Advance on the Indicater
Diagram; and Measurement of Rate ef Heat Less.

S e T o - —— - 008 Wi SN

Cembustien Tests: Beries D.

The results of Series C drew special attention to
the thermodynamic effects of altering the angle of advance
of the spark. VOWing to the rather rich mixture which had
té be used in these tests (in order to induce marked
luminosity and so obtain a sufflciently clear photograph
with the slow film used)fthe indicator records were all
subject to much vibration. It was therefore considered
desirable to use a larger air/gas ratio to obviate the
vibration; but in order to get good photograrhic records
with this weaker mixture a £film with a speed of about 600
H and D was used.

The new tests were arranged in the manner previously
described, the exhaust temperature being includéd among the
observetions. The indlcator diagrams obtained are illustrated
iﬁ Fig.dd p.58 while the photographlc record of the
explosions is given in Fig.d4 p.98 . Table X p.59 contains
the observations and chief data relating to the tests.

For mechanical reasons it was nécessary to use the
battery and coil ignition in tests 5 and 6; but as has been
seen (p.35) this in no way affects the records of combustion.

It is rather difficult to control the alr/gas ratio
go as to keep it quite constant throughout a series of tests.
The values show a sl;ght-increasé in the ratio from No.l to
No.6, but they are sufficiently close to 1llustrate again
the properties of the luminous period. This is especilally
true because the increasing ratio would tend to nullify

rather than to increase the effects demonstratéd by the

photograph;

Imminositz/




















































































































































































